Context: Every government implements various policies to mitigate road traffic injuries (RTIs). Many of these interventions are performed by traffic police. To evaluate effectiveness and efficiency of police enforcement, numerous studies have been conducted. Potential capabilities of epidemiology could get opportunity to improve these studies. The aim of this study was to extract and discuss some related methodological points of traffic police effectiveness and efficiency from related studies, in view of epidemiology discipline.
Context
Studying distributions and determinants of health-related states and events could help to treat them. Knowledge of disease control improves by applying methodological principles of epidemiology. Evaluation of public health programs is one of them (1) .
Road traffic injuries (RTIs), as the 9th leading cause of burden of disease (DALYs) and death in the world (2) , have imposed governments to invest funds and implement different programs. For instance, a road traffic accident (RTA) rate in an urban area of Kashan county was measured 2.3% in a year (3) or direct cost of treatment among fatal traumatic brain injuries (caused by RTAs) during five years in Shiraz imposed 511,000 USD in Iran (4) . Director of the main programs is police administrations that evaluating their effectiveness and efficiency is necessary. Effectiveness is defined as "the extent to which a particular health technology (medical, device, drug, procedure, health program or health service, including intervention) does what it is intended to do (i.e. leads to a beneficial health outcome or result) when it is provided under clinical practice conditions or in the field" (5) . Also, efficiency is defined as "the relationship between resources (capital and labor) and health outcome" (6).
Evidence Acquisition
Every original article about a direct effect of police enforcements on RTAs, RTIs and driving behaviors with keywords of "traffic police", "effectiveness", "traffic police", "efficiency" and "road safety performance" was searched in ScienceDirect, PubMed and Safetylit databases without any time restrictions. Other road safety interventions were excluded (e.g. speed humps, speed camera and law legislations).
According to the titles and abstracts, interested articles were selected based on the aims of the studies about effectiveness and efficiency evaluation of direct police activity, without any restriction in the time of study, duration, outcome and method of the study. Then related articles were reviewed carefully and summarized in a table and mentioned methodological and theoretical specific points in them were extracted, without any appraising the quality of studies. The extracted points were presented in a paper, while considering epidemiological principles. They were discussed to attain conclusions and prepare a summarized paper to improve quality of studies in this field.
Results
From a total of 797 obtained articles, 20 were eligible (three ones about police efficiency and seventeen about effectiveness), which had been published from 1982 to 2014.
All of the efficiency studies had ecological designs. The input variables were the number of detected violations during road traffic controls, motor vehicles/1000 inhabitants, etc. The output variables were the number of alcohol examination, temporary confiscation of driving license, and road accident involving minor, serious injury and fatal crashes.
Designs of the effectiveness studies were community trials (11), ecological studies (5) and quasi-experience (1) with the period of the study from four weeks to nine years. Different input variables were used, such as comparison between methods of performing law enforcement and their intensities, police activity report sheets and frequency of patrolling, etc. The output variables were driving speeds and other violations such as not using seat belts, etc. Other details are presented in Table 1 .
Disccusion

Type of the Study
Control of traffic violations is one of the main outcomes of traffic police enforcement. In a theoretical view that should be considered as the social activity and treated in social context (17, 18) . Measuring the social context as an individual characteristic is not meaningful and required global measurement as one of the three measurement levels of ecological study (19) .
Other reason that confirms adopting ecological studies or community trials refers to the consequence of police activity on population. Ross issued to it as a general deterrence effect of introduced punishment on other potential violators (20) .
Applying other study methods require enough variability of favored variable(s) (e.g. rule compliance, RTAs, police apprehension levels) between individuals, regions or periods for distinguishing intervention effects. In some cases, because of high homogeneity in a society, it is not possible to find enough variability. For example in Norway with helmet use of 99%, because of high homogeneity, finding enough evidence about a desired effect of police intervention may not be attainable (21).
In efficiency studies similar to effectiveness evaluations, it is not possible neither to assign inputs (police enforcement) to drivers nor isolate confounding factors, such as road infrastructures from them. Therefore, it requires ecological studies or community trials to meet the study goals.
Taking a Holistic View to All Positive and Negative Side Effects
In general, reduction of traffic violations, RTAs and RTIs are the result of traffic police enforcement. However, alongside those favored outcomes there are other side effects which may occur. Therefore, to have a universal effectiveness and efficiency evaluation, considering them is necessary. For instance, reducing speed limits may increase travel times, therefore considering it is necessary for prioritizing various interventions. In this issue, Elvik called them as the marginal benefits, which could be assessed in terms of current official monetary valuations. Some of them listed as travel time, vehicle operating costs, road accidents, traffic noises and air pollutions. For more details see Elvik, 2003 (21).
Selecting Inputs and Outcomes
Evaluation of effectiveness and efficiency of traffic police performance required one or more sensitive variables.
Traffic safety like other cases have its specific indicators that true selection of them is necessary for valid evaluation. Road traffic accidents have been recognized as the final outcomes of traffic safety which express with injury, death and vehicle damage.
These indicators have their limitations such as the effect of motorization levels and population size on their values, low sensitivity to changes in restricted area and area When a set of indicators as the inputs or outputs is used to determine the order of the region's safety score or determine the ratio of outputs to inputs in efficiency studies, its value may be changed according to the used indicators. To avoid this problem and have a holistic view to road safety, it is better to use a composed index with a cluster of different indicators. To combine different indicators, it is necessary to assign weight to them. To do this there have been proposed different methods such as factor analysis, analytic hierarchy process, budget allocation, data envelopment analysis and equal weighting (24). There is a methodological guideline to construct composite indicators and make an index (36).
In addition, proper interpretation of any evaluations requires considering some aspects such as enforcement duration, relative enforcement changes compared to the baseline level and campaign education.
Pattern of Police Enforcement and Outcomes Relation
There is an S-shape relation between police presence levels and RTAs (37). When there is no enforcement, RTAs are at a highest level. After police recruitment, until attaining to a perceived level of police presence by drivers, RTAs do not change. Then increasing the police presence has an effect on its reduction until it reaches to a level that is not induced by driver violations. In this phase police increasing presence will not be effective. In Elvik's metaanalysis, it was mentioned as the marked threshold (38). He concluded negative nonlinear relation between police enforcement and traffic violations (Figure 1) (39) . Therefore, it seems that there is an optimum level. For resource management in efficiency evaluations, recognition of this level as the best productive zone is useful. In addition, understanding this relation is necessary for applying suitable statistical models. Stability of this relation over time is another issue. According to the game theory, abiding traffic law is not just a consequence of driver's judgment about tradeoff between violation utility and police punishment as a one-way effect of police enforcement. Instead, the driver and the police jointly and dependently interacts each other's decision (40). For instance when people drive over the speed level (a risk factor of RTAs) police reacts to this increasing violation by performing different ways such as increasing manpower along the roadside, more intercepting offender drivers and penalizing or seizing them or by increasing penalty fees. Police decision is the consequence of driver behaviors. This reaction of police causes decision of drivers by more abiding speed limit through apprehension of police punishment that decreases police's offence detections. Then police reduce its enforcement and again because of lowering apprehension level, speed violation increase (41, 42). These input and output fluctuations affect the effectiveness and efficiency score, over time. Figure 2 shows those relations.
Risk compensation is another factor affecting the relation between police intervention and driving behaviors. Drivers adjust their behaviors according to a perceived risk. When they perceived more risk (e.g. driving in adverse weather) they are more careful. In contrast when they protect themselves, for instance using a helmet, fastening a seat belt or driving by anti-lock brakes cars they may take more dangerous behaviors (43-45). When police persuades or enforces using a seat belt or helmet, this phenomenon may decline the effectiveness and efficiency value because of increasing other dangerous behaviors. Elvik pointed out to this as the road-user behavioral adaptation. In occasions, the road safety measures modify some risk factors but because of an offsetting effect of behavioral adaptation some other risky behaviors may increase (46). These relations are depicted in Figure 3 .
Approach of Survey
To study accidents there are three approaches including sequential modeling, epidemiological models and system models (47). These approaches are compared by Delorme and Lassarre, 2014 (48).
They pointed out that in sequential modeling the accident is a result of related events, which ordered sequentially and are useful for detailed investigations.
In an epidemiological approach, accident is the consequence of causal relation between different factors. Combined relations determine frequency and severity of an accident. In this approach, a holistic interaction between different factors does not consider. This shortcoming is treated with system models.
To conduct the system models, instead of causal mechanism between separate factors in an epidemiological approach we could find interrelations and dynamic effects of causal factors. This approach was used in a study about evaluating policies for traffic violations (49). Considering to aforementioned theories and properties of relations between various factors over time, it seems adopting a dynamic approach is better.
Considering Potential Confounders in Adopted Studies
In occasions we do not access to the native or local findings. Therefore, we use results of other settings. In these cases some factors including driver behaviors, culture, road infrastructure and vehicle characteristics have affected the findings. In fact, every country has its specific complex that can have a significant effect on the effectiveness and efficiency findings.
In summary, relations between factors affecting the police activity could be depicted as below:
Other limitations refer to variation in study design, quality of data in different studies, study duration and target groups.
Even using internal evaluations requires considering probable bias. Regression to mean is one of them that occur following intervention in a high risk area. This causes over estimation of intervention effects, whilst because of regressed risk, some of attributed results have been occurred spontaneously. Therefore, expecting achievement of other study results in areas with less risk may not be corrected.
Against regression to mean bias, spillover phenomenon induces underestimation of police effectiveness and efficiency in comparing two adjacent areas or consecutive periods. Activity of police in a region can have a significant effect on driving behaviors in adjacent areas or periods, named the hallo effect. In a study about photo-radar effect on speed and number of collisions, moreover reduction in number of collisions in enforcement segments (14 ± 11%), in near area there were 19 ± 10% reduction rate, too (50).
Autocorrelation is another issue that emerges in comparing RTAs between nearby regions. Due to other unknown or unmeasured factors these regions are more similar (19). These low variability causes underestimation of effectiveness and efficiency in nearby regions.
In this paper some of the important methodological points of traffic police effectiveness and efficiency were discussed. Lack of a specific framework to conduct the effectiveness and efficiency study does not get enough assurance about covering all related aspects. Therefore, one of the limitations of this study may be neglecting some points. The next limitation refers to restricted search in three databases, instead of all databases and since the aim of the study was reviewing the methodological points and was not meta-analysis or systematic review, it does not a matter.
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